Synchronized Mammalian Cells in Culture: A Comparison of Normal and KB Cancer Cell Growth by I. C. Baianu
1 
 
Synchronized Mammalian Cells in Culture: 
A Comparison of Normal and KB Cancer Cell Growth 
 
 
I. C. Baianu
1
 and M. M. Marinescu
+
 
1
AFC- NMR and NIR Microspectroscopy Facility, College of ACES 
FSHN and NPRE Departments, 
College of ACES and College of Engineering, 
University of Illinois at Urbana, 
305/350 Burnsides Research Laboratory, 
Urbana, Illinois 61801, US 
Email: ibaianu@illinois.edu 
 
 
1. Introduction 
Experimentation and tests with cells in culture and cell synchronization or synchrony are important 
in order to be able to make both reliable and high-sensitivity measurements. This is also very 
important for mechanistic studies of cell division control, oncogenesis and tumor growth. 
Experimental Models and Samples that were employed:  
1. Synchronized cells in culture: 
i. Human and rabbit lymphocytes in culture 
ii. HeLa and KB cell lines (Figures 14C and 14D) 
iii. Stabilized cultures of primate kidney cells and Fibroblast Rabbit cells in culture 
                       (Figures1A and 1B). 
 
All cell cultures were grown on Roux, Khele, and Chance sterile plates at 37 + 0.2 C. 
2. Synchronization Methods and Timing employed: 
i. Methroxate (MTX) blockage  
ii. Amethopterin blockage of DNA synthesis 
iii. Thymidine double-blockage reversal after 16 hours (Steffen et al., 1969, 1970). 
 
                                      3.  Observation Methods employed: 
i.  Confocal Epi-Fluorescence Microscopy and cell counting of cell culture plates 
ii.  FT-NIR Hyperspectral Imaging 
iii.  FT-IR /Focal Plane Array Chemical Imaging 
iv.  Single- and Two- photon Fluorescence Correlation Spectroscopy (FCS). 
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                                          2.Experimental Results 
 
    Microphotographs obtained of cells synchronized in culture are shown in Figure1.  Degrees of 
synchronization obtained with KB and rabbit fibroblast cells in culture by the thymidine double- 
blockage method were consistently high (between 78 and 85%) as determined by cell counting  and 
biochemical analyses. Two mitotic waves were clearly distinguished up to 50 hours from the  
beginning of cell growth from the primary cultures. Additional experiments with cell mixtures such as 
KB/ Rabbit cells synchronized in culture were compared with KB and rabbit cell controls, and it was  
found that the different cell types exhibited a distinct pattern of interactions, as expected from current  
models of synchronized cells in culture. 
A. Rabbit Cells in Culture                     B. Single Rabbit Cell in Metaphase 
A.                B.  
C.              D.  
C. KB Cells in Culture                            D. Single KB Cell 
 
Figure 1. Photomicrographs of Synchronized KB and Fibroblast Rabbit Cells in 
Culture. 
 
A. Fibroblast Rabbit Cells in Culture; B. Single Rabbit Cell in Metaphase; (both A. and B. were 
viewed through air with a 25x objective);  
C. KB Cells in Culture; D. Single KB Cell (both C. and D. were viewed with a 50x oil 
immersion objective).  
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3. Conclusions and Discussion 
 
 
   Very detailed, automated chemical analyses of biomolecules in cell cultures are now becoming 
possible by FT-NIR microspectroscopy of single cells, both in vitro and in vivo. Such rapid 
analyses have potentially important applications in cancer research, pharmacology and clinical 
diagnosis for selectively detecting the distinctive molecular signatures of cancer cells and tumors. 
Our recent, preliminary results presented above in Section C indicate that the sensitivity range of 
FT-NIR micro-spectroscopy observations can be extended to the femtogram level, with submicron 
spatial resolution. Such FT-NIR/IR microspectroscopy instrumentation developments are 
potentially very important for biomedical and pharmacological applications that require rapid and 
sensitive analyses, such as those relevant to cancer diagnosis and treatment, or cancer research 
involving the screening of high-content micro-arrays (HCMA) recently beginning to be utilized by 
Post-Genomics and Proteomics biomedical programs. Other related, possible developments in 
such programs are the applications of Fluorescence Cross-Correlation Spectroscopy detection to 
monitoring: DNA-telomerase interactions, DNA hybridization kinetics, cell surface oncogenic 
carbohydrate pattern detection, ligand-receptor interactions and HIV-HBV testing, as well as their 
utilization in combination with other advanced bioimaging techniques, such as: NIR/IR 
Microspectroscopy, SNIRF, Multiple Micro-Array Analyses and NMRSI. 
 
   Our results presented in the previous section illustrate the currently available microspectrosopy 
capabilities for bioimaging applications in cancer research and diagnosis; they also indicate 
several of their severe limitations in terms of image acquisition speed and sensitivity, as well as the 
urgent need for developing ultra-sensitive and rapid bioimaging technologies for reliable cancer 
detection, well beyond the current state-of-the-art. Supporting evidence was provided by our 
preliminary results described in Section C for the feasibility of our novel approaches --described 
next-- for developing ultra-sensitive and rapid microspectroscopic instruments with advanced 
capabilities for the in vivo, reliable detection of cancer in its early stages. 
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